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© Aromatic carbonate resin articles coated with a photocured acrylic coating. 

© A plastic substrate having deposited on at least one surface thereof a photocured acrylic coat-comprised of 
the photoreaction products of: 
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CARBONATE BESIN ARTICLES COATED WJTH A PHOTOCURED ACRYUC COATING 
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BACKGROUND OF THE INVENTION 

* ^ ^-rhnnflte mains are well known thermoplastic resins which, due to their many excellent 
TSfJZS? aTweTa^rSasSc engineering materials. The aromatic carbonate resins 
XSSSSHSL STgS thla. stab?*y. good impact proper.es. and toughness. These 

^^^^e^^^ to surtace s^tomng and abrasion. 
attacT^ and to degradation by uitravioiet ^J^^SSS^ 

ff „™ hSftem 2 tolboot 4 functional groups attached to an aliphatic hydrocarbon residue 

SSnSonal acrvlate monomers and acrylic modified polymers; and U.S. Patent No. 4.477 529 dasoibes 
^SSS^SSL ShZ thereto aVanslucent and decorative uitravioiet radiation cured coatrjg whWh 

■ itSSJJ ! mLscopfca.* irregular « J~t2^1^^ 

photoreaclion products of (i) at least one polyfunctonal acrylate monomer. (..) certain poiysiioxane- 

'WfSrS^SSt. *om degrada.cn by u^oiet 

■ mmmmm 

Z^teZ rZrav*r oresent somewhat of a problem since these coating compositions must also contain 
TSSZl to« the cure of the polyfunctional acrylate monomers. 
* Q S.r^se^ tS ac«ve ultraviolet radiation absorbers in the pbotocurable coating c*mpos- 
S rSute VS ^mplete cure of the coating composition. This is due to the MM 
Tsorblrs ab^rTultraviolet radiation thereby reducing the amount of said radtoon availably .to 

45 tonne* ^plications there nevertheiesa exist certian applications where coatings exhibiting better protect™ 

^X£Ztt*£t~* mention to pro.de aromat* carbonate resir. artides having 
adhereo'to a S oTe surface thereof a photocured acrylic coating containing an actve «^ 
*ZL wherein said coating is substantially completely or completely cured and exh,b,ts improved 
so weatherability. 



2 



u 

0 274 595 



SUMMARY OF THE INVENTION 

The instant invention is directed to an aromatic carbonate resin article coated with a photocured acrylic 
coZ coS in 9 an active ultraviolet radiation absorber, said coating being substantially compete* or 
completely a.^ and exhibiting improved weatherability. More particularly, this coating is obtained by the 
Secure ofa photocurable coating composition comprised of (i) at least one photocurable polyfunctions^ 
SSii^^prtcutar pSoto.niSa.or or photosensor setected tan certain phenyl ketones and 
p)TaZ uTaviolet rSation aosorber or stabilizer selected from bensotrlazo.es. hydroxybenzophenone. 
cyanoacrylates, or mixtures thereof. 
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DESCRIPTION OF THE INVENTION 
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It has been surprisingly discovered that by the use of a combination of certaui ^ 
and cerSn active uitiaviolet radiation absorbers photocured acrylic coating^ containing active UV ambers 
Z be provided which are completely cured and which exhibit ^ " e ^^^ 
Mailable photocured coatings containing an active ultraviolet radiation absorber are generally ^complete* 
cunTand Lefore. exhlbS reduced weatherability. The coatings of the Instant Inventior > ^ 
ttally the same degree of weatherability as those photocured acrylic coatings con ^7, 8 t te ^« n n^ 
Soiation ab^rber while at the same time affording Improved protection against ultraviolet radiation to the 

"inr obtained by toe photocure of a p*>tocurab* ^ ™££ 

comprised of: 0) at least one photocurable polyfunction* acrylate monomer, (li) at least one particular 
PhoSate? selected from certain phenyl ketones, and 0«> an active ultraviolet radiation absorber selected 
frombenzotriazoles.hydrexybenzophenone*^ 

White these coatings may be applied onto a variety of plastic substrates such as acrylics, poiy 
phenZe eT«.~Sc donate resins, and the like, they are particuteriy useful on aromatic carbonate 
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^"rnelre^c carbonate resins include both the high mo.ecu.ar welghi thermeplastic polycarbonate 
resins and the copolyester-carbonate resins. Both types of resins are descnbed hereinafter. 

T^polycSte resins utilized .n ihe .nstant .nventton are conventional welHmown resi^teh are 
ger^y^mmerclaily available or may be read.* prepared by weH-known 

polycarbonates, as well as methods for their preparation, are described inter alia «> U.S^ aten t nos. 
516^15 3*20973 3 312.659. 3,312.880. 3,313.777, 3.866.614. and 3.939.672. all of which areincor- 
oor«i L5nT£*w^ polycarbonate resins may be conveniently prepared by the interface. 
JoK^zSn pr^ssTy the^core^tion of at least one dihydric phenol wtti, a carbonate precursor. 
Typically, the dihydric phenols utilized may be represented by the general formula 
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1. 

rtfindependently selected from halogen, monovalent hydrocarbon, and monovalent hydrocarbonoxy 
60 ^independently selected from halogen, monovatent hydrocarbon, and monovalent hydrocarbonoxy 
radicals; 

W is selected from divalent hydrocarbon 

9 

55 radicals, -S-, -S-S-. -0-, - s 
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n and n' are independently selected from integers having a vlaue of from 0 to 4 inclusive; and 

^^^nXalwrhydrorjarbon radicals represented by R and R« include the alkyl. cydoaflcyl. aryl. 
aralkyl and alkaryl radicals. The preferred alkyl radicals are those containing from 1 to about 12 carbon 
atoms. The preferred <ycloalkyl radicals contain from 4 to about 8 ring carbon atoms^The preferred ary 
radicals contain from 6 to 12 ring carbon atoms, I*, phenyl, biphenyl, and naphthyl. The preferred aralkyl 

and alkaryl radicals contain from 7 to about 14 carbon atoms. 

The preferred halogen radicals represented by R and R 1 are chlorine and bromine. 

The divalent hydrocarbon radicals represented by W include the alkylene, alkylidene. cycloalkylene and 

cycloalkylidene radicals. The preferred alkylene radicals are those containing from 2 to about 30 carbon 

atoms. The preferred alkylidene radicals are those containing from 1 to about 30 carbon atoms. The 

preferred cycloalkylene and cycloalkylidene radicals are those that contain from 6 to about 16 nng carbon 

^The monovalent hydrocarbonoxy radicals represented by R and R' may be represented by theforrnula 
-OR* wherein R=> is a monovalent hydrocarbon radical of the type described hereinafore. Preferred 
monovalent hydrocarbonoxy radicals are the alkoxy and aryloxy radicals. 

Some illustrative non-limiting examples of dihydric phenols of Formula I Include: 
2,2-bis(4-hydroxyphenyl)propane (bisphenol-A); 
2,2-bis(3.5-dibromo-4-hydroxyphenyl)propane; 
2,2-bis(3,5-dimethyl-4-hydroxypheny»)propane; 
1,1-Ws(4-hydroxyphenyl)cyclohexane; 
1 ,l-bis(3,5Kllmethyl-4-hydroxyphenyl)cyclohexane; 
1 ,l-bis(4-hydroxyphenyl)decane; 
1 ,4-bis(4-hydroxyphenyl)propane; 
1 ,1 -bis(4-hydroxyphenyl)cyclododecane; 
1,1-bis(3,5<limethyl-4-hydroxyphenyl)cyclododecane: 

4,4'-thiodiphenol; and 

^ ( t^TdThyS yl ptnols which are useful are described In U.S. Patents 2.994835. 3.02B.365. and 
3.334,154, ail of which are incorporated herein by reference. , . _ 

The carbonate precursor may be a carbonyl hallde; a carbonate ester, or a blshaloformate. The 
carbonyl halkJes may be carbonyl bromide, carbonyl chloride, or mixtures thereof. The carbonate esters 
may be diphenyl carbonate; di(halophenyl)carbonates such as dl(bromophenyl) carbonate, di(chlorophenyl)- 
carbonate. and di(tribromophenyl)carbonate: di(aikylphenyl) carbonates such as di(tolyOcarbonate; di 
(naphthyl)carbonate. chlorophenyl chloronapthyl carbonate: and phenyl tolyl carbonate. The bishaloformates 
that can be used include the bishaloformates of dihydric phenols such as the bischloroformates of 
bisphenol-A and hydro quinone; and the bishaloformates of glycols such as the bischloroformates of 
ethylene glycol, neopentyl glycol, and polyethylene glycol. The preferred carbonate precursor is carbonyl 
chloride, also known as phosgene. - ... . . u 

A convenient process for the preparation of the instant polycarbonates is the interfacial polymerization 
process. The interfacial polymerization process utilizes two different solvent media which are immiscible^ 
One solvent medium is an aqueous basic medium. The other solvent medium is an organic medium, such 
as methylene chloride, which is immiscible in said aqueous medium. Also employed in the interfacial 
polymerization process are molecular weight regulators which control the chain length or molecular weight 
50 Q f ,he carbonate polymer by a chain terminating mechanism, and catalysts. The molecular weight regulators 
are well known in the art and include, but are not limited to. phenol itself, p-tertlarybutyl phenol, and 
chroman I The catalysts are also well known in the art and include, but are not limited to. tertiary amines 
such as triethylamine. quaternary ammonium compounds such as tetraethylammonium bromide, and 
« quaternary phosphonium compounds such as n-butyltriphenyl phosphonium. 

Also included within the term polycarbonates are the randomty branched thermoplastic polycarbonates 
wherein a branching agent, which is generally a polyfunctional aromatic compound, is reacted with the 
dihydric phenol and the carbonate precursor. These polyfunctional aromatic compounds contain at least 
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three functional groups which may be carboxyl. hydroxyl. carboxylic anhydride, haloformyl. and mixtures 
thereof Some illustrative non-limiting examples of these aromatic polyfunctional compounds mclude 
trimellitic anhydride, trimellitic acid, trimellityl trichloride. 4-chloroformyl phthalic anhydride, pyromellihc 
acid, pyromellitic dianhydride. mellitic acid, mellitic anhydride, trimesic acid, and benzophenonetetracarbox- 
vile 3cid 

-me aromatic copolyester-carbonate resins are likewise well known In the art are described, along with 
methods for their preparation, inter alia, in U.S. Patent No. 3.169.121. Incorporated herein by reference. 
Briefly stated, the copolyestercarbonates comprise recurring carbonate groups, carboxylate groups, and 
aromatic carbocyclic groups in the linear polymer chain in which at least some of the carbonate groups and 
at least some of the carboxylate groups are bonded directly to ring carbon atoms of the aromatic 

carbocyclic groups. . . , . ... . . 

These copolyester-carbonates contain ester bonds and carbonate bonds in the polymer chain, wherein 
the amount of ester bonds is from about 25 to about 90 mole percent preferably from about 35 to about 80 
mole percent. For example. 5 moles of tolsphenol-A reacting completely with 4 moles of isophthaloyl 
dlchloride and one mole of phosgene would give a copolyestBr-carbonate of 80 mole percent ester bonds. 

The copolyester-carbonats may conveniently be prepared via the Interfadal polymerization process by 
reacting at least one dihydric phenol, a carbonate precursor, and at least one ester precursor. The ester 
precursor may be a difunctional carboxylic acid or preferably a reactive ester forming derivative of said 
difunctional carboxylic acid. Some illustrative non-limiting examples of difunctional carboxylic acids include 
isophthalic acid and terephthalic acid. Some illustrative non-limiting examples of the reactive ester forming 
derivatives of the difunctional carboxylic acids are Isophthaloyl dichlorlde and terephthaloyl dichlonde. 

The active UV absorber containing acrylic coating which is disposed on at least one surface of the 
aromatic carbonate resin article is obtained by photocuring a photocurable coating composition comprised 
of (i) at least one polyfunctional acrylate monomer, (ii) a photoinitiator selected from certain acetophenones. 
25 and (Hi) at least one active UV absorber selected from benzotriazoles. hydroxy benzophenones. and 
cyanolacrylates. The coating is prepared by applying the coating composition onto the surface of the 
aromatic carbonate resin article, and then exposing the coating composition to UV radiation of sufficient 
intensity and for a period of time effective to form said cured coating. 

The polyfunctional acrylate monomers which comprise the major portion of the coating composition 
30 may be represented by the general formula 
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II. 
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wherein: 

R3 Is either the methyl radical or hydrogen: 

c is an integer having a value of from 2 up to the number of replaceable hydrogen atoms present on R*. 
preferably from 2 to about 8, more preferably from 2 to about 6. and most preferably from 2 to 4: and 
R2 is a c functional hydrocarbon residue, a c functional substituted hydrocarbon residue, a c functional 
hydrocarbon residue containing at least one ether linkage, or a substituted c functional hydrocarbon residue 
containing at least one ether linkage. 

The prefered monomers of Formula II are those wherein R3 is hydrogen. 

The c functional hydrocarbon residues represented by R 2 include the aliphatic, preferably the saturated 
aliphatic, hydrocarbon residues, the aliphatic-aromatic hydrocarbon residues, and the aromatic hydrocarbon 

reSl preferred c functional hydrocarbon residues are the c functional aliphatic, preferably saturated, hy- 
„ drocarbon residues containing from 1 to about 20 carbon atoms, the c functional aliphatic-aromatic 
hydrocarbon residues containing from 7 to about 20 carbon atoms, and the c functional aromatic 
hydrocarbon residues containing from 6 to about 14 carbon atoms. 

Preferred c valent hydrocarbon residues containing at least one ether linkage are the c valent aliphatic 
hydrocarbon residues, preferably saturated aliphatic hydrocarbon residues, containing from 1 to about 5 
ether linkages and from 2 to about 20 carbon atoms. 

Preferred c valent substituted hydrocarbon residues are the c valent aliphatic hydrocarbon residues, 
preferably the saturated aliphatic hydrocarbon residues, containing from 1 to about 20 carbon atoms, the c 
valent aliphatic-aromatic hydrocarbon residues containing from 7 to about 20 carbon atoms, and Ihe c 
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vaient aromatic hydrocarbon residues containing from 6 to 14 carbon atoms, which contain substrtuent 
groups. The number of substituent groups may vary but is preferably from 1 to about 4 ^substrtuent groups. 
The preferred substituent groups are selected from hydroxy!, halogens, ammo, nrtro. -COOH and -COOR- 
wherein R' is an alkyl group of 1 to about 6 carbon atoms or an aryl group of from 6 to 12 nng carbon 
atoms. The substituent groups may be the same or different if more than one substituent groups » present 

Preferred c vaient substituted hydrocarbon residues containing at least one ether linkage are the c 
vaient aliphatic hydrocarbon residues, preferably the saturated aliphatic hydrocarbon residues, containing 
from 2 to about 20 carbon atoms and from 1 to about 5 ether linkages, which contain substituent groups. 
The number of substituent groups may vary but is preferably from 1 to about 4 subsM groups. The 
preferred substituent groups are selected from hydroxyl. halogens, amino, nrtro. -COOH and -COOR 
weherein is as defined hereinafore. The substituent groups may be the same or different when more than 
one substituent group is present , . 

The more preferred polyfunctions acrylic monomers of Formula II are those wherein W is hydrogen 
and R* is selected from c functional saturated aliphatic hydrocarbon residues containing from 1 to about 20 
carbon atoms, hydroxyl substituted c functional saturated aliphatic hydrocarbon residues containing from 1 
to about 20 carbon atoms, c functional saturated aliphatic hydrocarbon residues containing from 2 to about 
20 carbon atoms and from 1 to about 5 ether linkages, and hydroxyl substituted c functional aliphatic 
saturated hydrocarbon residues containing from 2 to about 20 carbon atoms and from 1 to about 5 ether 

""^When c is 2 in Formula II the c functional acrylates are the diacrylates. When c is 3 in Formula II the c 
functional acrylates are the triacrylates. When c is 4 in Formula II and c functional acrylats are the 
tetraacrv lates 

Some illustrative non-limiting examples of saturated aliphatic diacrylates and dimethacrylates include: 
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CH 2 -C-C-0-(CH 2 ) 6 -0-C-C-CH 2 ; 
H * H 
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H OH H 
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0 H 
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and 



CH 2 »C-C-0-CH 2 -CH-CH 2 -0-C-C«CH 2 • 
H H 

Some illustrative non-limiting examples of saturated aliphatic diacrylates containing at least one ether 
linkage include: 
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CH 2 =C-C-0-CH 2 -CH 2 -0-CH 2 -CH 2 -0-C-C-CH 2 ; 



H H 

0 0 
1/ 'I 
CH 2 »C-C-0-CH 2 -CH 2 -0-CH 2 -CH 2 -0-CH 2 -CH 2 -0-C-C=CH 2 

H H 

OH HO 
II i i « 

CH 2 -C-C-0-CH 2 -C-CH 2 -0-CH 2 -C-CH 2 -0-C-C»CH 2 ; and 

H Br Br H 

0 0 
CH 2 -C-C-0- (CH 2 ) 4 -0- (CH 2 ) 4 -0-C-C-CH 2 . 
H H 



Some illustrative non-limiting examples of aromatic dtecrylates Include 
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CH„«C 



C-CH, 
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CH 2 -C-C-0-CH 2 -CH-CH 2 -0-C-C-CH 2 
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Some illustrative non-limiting examples of saturated aliphatic triacrylates and trimethacrylates include 
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CH 2 -C-C-0-CH 2 -CH 2 -CH-CH 2 -0-C-C-CH 2 
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Some illustrative non-limiting examples of aromatic triacrylates and trimethacrylates include: 
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; and 



Some Illustrative non-limiting examples of saturated aliphatic and aromatic tetraacrylates 
tetramethacrylates include: 
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CH 2 -C-C-0 ^ 0-C-C-CH 2 
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CH 3 V7 f3 

CH 2 -C-C-0- 0-C-C-CH 2 

0 o 

The polyacrylates and polymethacrylates and their preparation are well known in the art Indeed, many 
of the polyfunctions acrylates and methacrylates are commercially available «™'*J^* b l™" 
known and conventional methods. One of the methods of producing the dh tn-and tetaacrylate este« 
involves reacting acrylic acid or methacrylic acid with a dh tr*>t tetrehydroxy. corrtammg compound to 
produce the diester. triester. or tetraester. Thus, for example, acrylic acid can be reacted wrth ethylene 
glycol to produce ethylene glycol dlacrylate. ,„ok«.™i 

Although the coating composition of the instant invention may contain only one of sa,d potyfunctonal 
acrylate or methacrylate monomers, preferred coating compositions contain a mixture of two or more 
« ^SL monomers, preferably a diacry.ate and a tr.acry.ate. When the coaflng cornposWons 
contain a mire of acrylate monomers it is preferred that the ratio, by weight of the dlacrylate m* 
dimethacrylate to a higher functional monomer such as the triacrylate be from 30:70 toabort t TWO. 
eZpSy mixtures of diacrylatea and triacrylates include mixtures of hexanediol dlacrylate wrth penteenth- 
rrtTSate. hexanediol dlacrylate with trimethylolpropane triacrylate. diethyleneglycol d.acrylate wrth 
pentaerythritol triacrylate. and diethyleneglycol diacrylate with trimemylolpropane tnacrylate. 

While the corresponding coatings may likewise contain the polymenred photoreacbon P^teofa 
single polyfunction, acrylate or methacrylate monomer, coatings contamng the ^ m ™ Z *^™^ 
products of two different polyfunctions! acrylate or or methacrylate monomers, preferably a d.acrylate and a 

Genially, the coating composition contains from about 70 to about JK5 weight P^nt °f said 
polyfunctional acrylate monomers. The UV cured methacrylate monomers, preferably a diacrylate and a 
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' 6 J 7 independently selected from halogen, hydroxy, monovalent hydrocarbon, subsbtuted monovalent 
hvdrocartT monovalent hydrocarbonoxy. or substituted monovalent hydrocarbonoxy radicals; 
STSed from monovalent hydrocarbon radicals, substituted monovalent hydrocarbon rad.^mon- 
SXTnXaSw nScals containing at least one ether linkage, or substituted monovalent hydrocarbon 

20 radicals containing at least one ether linkage; 

20 carbon atoms. The preferred aryl radicals are those containing from 6 to 12 ring carbons. I.e.. pheny.. 

^£2%L*~ hydrocarbon radical are 
30 above which contain substituent groups thereon, preferably from 1 to about 4 

preferred substituent groups are the halogens, preferably chlonne and I bromine, and hydroxyl groups. When 

more than one substituent group is present they may be the same or d.fferent « 
Th» monovalent hydrocarbonoxy radicals represented by R 5 may be represented by the formula -OR 8 

wherein R'isa monovalent hydrocarbon radical of the type described heremafore. 
35 The substituted monovalent hydrocarbonoxy radicals represented by may be <*""*2"v£ 

formula -OR 9 ' wherein R 8 * is a substituted monovalent hydrocarbon radical of the type described 

"'IHonovalent hydrocarbon radicate containing at least one etaer linkage ^nto^by^gen^ 
have the formula H *W wherein! FT and R' are '^^^^^^S 

40 hydrocarbon radicals. R 7 is a monovalent hydrocarbon radical of the type descnbed herein afore, ana r nas 

'^dSSfiySJi radicals represented by R' and R* are prefer** 

ah n,rt 20 carbon atoms They include the alkytene. cydoclkylene. arylene. alkarylene. and aralkylene 
Ss ThTp^aiky^ radicals, which may be either straight chain or b^ ^emdic^ 
^ *L rLtalnl^ from 1 to about 20 carbon atoms. The preferred cycloalkylene radicals are ttose 
45 ZSZ frTmt to aS 8 ring cSbon atoms. The preferred aralkylene and alkarylene radicals are , M 
Sning Tom 7 to about 20 carbon atoms. The preferred arylene radicate are ^ ^n.^ fron^ 
?2 ring carbon atoms, i.e. phenylene. naphthalene, and Wphenylene. The preferred divalent hydrocarbon 

radicals are the alkylene radicals. a . „ ^ 

It is to be understood that the divalent hydrocarbon radicals represented by R and R*. as wellas the 
monovalent tZrtnn represented by R 7 . may contain substituent groups thereon, preferably from 1 to 
ST! ^"up3 P whk* may" be the same or different if more 9™P 
nrasent The oreferred substituent groups are the halogens, preferably chlonne and bromine, andhydroxy 
oroTs N3h J ^selubsZsnt groups are present on the monovalent hydrocarbon radicais containing at 
56 SeaTon! Telner^lut^Ss the substituted monovalent hydrocarbon radicals containing at 

^Pn^pStetones of Fbrmute ... are these wherein tf is a monovatent hydrocarbon radical 
preferXt. » a monovalent hydrocarbonoxy radical, preferably an alkoxy radical, and R* is a 
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monovalent hydrocarbon radical , preferably an alkyl radical, or a substituted monovalent hydrocarbonoxy 
radical, preferably a substituted alkyl radical. 

The phenyl ketones of Formula III are well known compounds which are generally commercially 
available or may be readily prepared by well known and conventional methods. 
5 Some illustrative non-limiting examples of these phenyl ketones include: 
p-phenoxy-2,2-dichloroacetophenone; 
p-methoxy-2.2-dichloroacetophenone; 
2-hydroxy-2,2-dimethylacetophenone; 
2-hydroxy-2,2-diethylacetophenone; 
to 2-hydroxy-2,2-dipropylacetophenone; 

p^sopropyl-2-hydroxy-2,2-dlmethylacetophenone; 
p-isopropyl-2-hydroxy-2,2-dlethylacetophenone; 
p-n-butyl-2-hydroxy-2-methyl-2-ethylacetophenone; 
p-dodecyl-2-hydroxy-2,2-dimethylacetophenone; 
;5 p-phenoxy-2.2-dibromoacetophenone; 
2.2-dibromoacetophenone; 
2.2-dichloroacetophenone; 
2.2-dimethylacetophenone: 
2-hydroxy-2.2-cyclohexylacetophenone; 
20 p-cyclohexyl-2.2-dibutylacetophenone; 
2-2,dimethoxy-2-phenylacetophenone; and 
1-hydroxycyclohexane phenyl ketone. 

The amount of the phenyl ketone photosensitizer present in the coating composition is a photosen- 
sitizing or photoinitiating amount By photosensitizing or photoinitiating amount is meant an amount effective 
25 to effect the photocure of the polyfunctional acrylate monomers to the polymeric cross-linked state. 
Generally, this amount is from about 0.05 to about 10 weight percent preferably from about 0.1 to about 5 
weight percent Weight percent of photoiniSator is based on the total amounts of polyfunctional acrylate 
monomers and photoinitiator present in the coating composition. 

The coating composition also contains an active ultraviolet radiation absorber or stabilizer selected from 
30 the benzotriazoles. cyanoacrylates. hydroxybenzophenones. or mixtures thereof. These ultraviolet radication 
absorbers are active rather than latent absorbers. That is to say they absorb ultraviolet radiation from the 
start rather than being converted into active UV absorbers upon expossure to ultraviolet radiation as is the 
case with resorcinol monobenzoate. 

These ultraviolet radiation absorbers are well known in the art and are generally commercially available 
35 or may be readily prepared by known and conventional methods. These ultraviolet radiation absorbers are 
amply described in the literature. The benzotriazole and hydroxybenzophenone ultraviolet radiation absorb- 
ers are described in U.S. Patent Nos. 3,309.220, 3,049.443, 3.043,709, 2,976,259, and 4.410,594, all of 
which are incorporated herein by reference. 

Some illustrative non-limiting examples of the benzotriazoles and hydroxybenzophenones Include: 
40 2^-dihdroxybenzophenone; 

2,2',4.4-tetrahydroxybenzophenone; 
2 f 2'-difiydroxy-4,4'-dimethoxybenzophenone; 
22 , -dihydroxy-.4.4'-diethoxybenzophenone: 
2Z-dihydroxy-4.4-'dipropoxybenzophenone: 
45 2^-dihydroxy-4-methoxy-4'-ethoxybenzophenone; 
2.2'-dihydroxy-4-methoxy-4'-propxybenzophenone; 
2,3'-dihydroxy-4,4'-dimethoxybenzophenone; 
2,3'-dihydroxy-4-methoxy-4'butoxybenzophenone; 
2-hydroxy-4 t 4',5'-trimethoxybenzophenone; 
so 2-hydroxy-4,4\6,-tributoxybenzophenone; 

2-hydroxy-4-butoxy-4\5'-dlmethoxybenzophenone; 
2-hydroxy-4-ethoxy-2',4'-dibutylbenzophenone; 
2-hydroxy-4-propoxy-4'.6'-dichlorobenzophenone; 
2-hydroxy-4-propoxy-4' f 6'-dibromobenzophenone; 
55 2,4-dihydroxybenzophenone; 

2-hydroxy-4-methoxybenzophenone; 

2-hydroxy-4~ethoxybenzophenone; 

2-hydroxy-4-methoxy-4'-methylbenzophenone; 
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24iydroxy^methoxy-4'-ethylbenzophenone; 

24iydroxy-4-methoxy-4 , -chlorobenzophenone; 

2-hydroxy-4,4'-dimethoxybenzophenone; 

2-hydroxy-4 t 4'-<Jimethoxy-3-methyIbenzophenone; 
5 2-hydroxy-4,4'-dimethoxy-2-ethylbenzophenone; 

2-hydroxy-4-ethoxy-4'-methylbenzophenone; 

2-hydroxy-4-ethoxy«4'-methoxybenzophenone; 

2-hydroxy-4,4'-diethoxybenzophenone; 

2-hydroxy-4-ethoxy-4'«i)rop6xyb6nzophenone 
io 2-hydroxy-4-ethoxy-4'-chlorobenzophenone; 

2-hydroxy-4-ethoxy-4'-bromobenzophenone; 

2^-hydroxy-5'-methylph0nyl)benzotriazo!e; 

2-<2'-hydroxy-5-tert-buty!phenyl)benzotriazole; 

2^2'4iydroxy^'^ethyl-5'-t0rt4)utylphonyl)b8nzotriazol0; 

15 2-<2'-hydroxy-5'-cyctohexylpheny1)benzotriazole; 

2-(2'-hydroxy-3',5'-dimethylphenyl)benzotriazole; 

2-<2 , -hydroxy-5-tert-butylphenyl)-5-chIorobenzotriazoIe; and 

2-{2'-hydroxy-3'-di-tert-butylphenyl)benzotriazole. 

Among the cyanoacrylates useful as ultraviolet radiation stabilizers are those represented by 
20 general formula 



26 



30 



35 




CN Q o 
XV C - C - C - OR 




wherein: 

R» is an alkyl, cycloalkyl. hydroxyalkyl. or hydroxycycloalkyl: 

R 8 is Independently selected from monovalent hydrocarbon radicals, halogen radicals, hydroxy rad icals, or 
40 monovalent hydrocarbonoxyradicals; and 

e is Independently selected from Integers having a value of from 0 to 5 inclusive. 

The monovalent hydrocarbon radicals represented by R 8 are those as described for R 4 heremafore. The 

monovalent hydrocarbonoxy radicals represented by R» are those having the formula -OR* wherein R' is a 

monovalent hydrocarbon radical of the type described herelnafbre. The preferred hydrocarbonoxy radicals 
45 are the alkoxy radicals. 

Preferred alkyl radicals represented by R 9 are those containing from 1 to about 10 carbon atoms. 

Preferred cycloalkyl radicals are those containing from about 4 to about 8 ring carbon atoms. Preferred 

hydroxyalkyl radicals are those containing one hydroxyl group and from 1 to about 10 carbon atoms. 

Preferred hydroxycycloalkyl radicals are those containing one hydroxyl radical bonded to a nng carbon 
50 atoms of a CrCs cycloalkyl . 

Preferred compounds of Formula IV are those wherein e is zero. The cyanoacrylates useful in the 

practice of this invention are described, inter alia, in U.S. Patent No. 4,129.667. incorporated herein by 

reference 

The amount of the active ultraviolet radiation stabilizers present in the instant coating composition is an 
55 effective amount, i.e., an amount effective to protect the underlying aromatic carbonate resin from 
degradation by ultraviolet radiation. Generally, this effective amount is an amount sufficient so that the 
absorbance of the coating at x maximum is at least one. which corresponds to absorption at x maxiumum of 
at least 90% of the incident ultraviolet radiation by the cured coating. The absorbance is calculated using 
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the relationship A = log(k/l) wherein A is the absorbance. lo is the intensity of incident light and I is the 
intensity of transmitted light Generally, this amount is from about 3 to about 15 weight percent preferably 
from about 4 to about 12 percent, and more preferably from about 5 to about 10 weight percent Weight 
percent of ultraviolet radiation absorber is based on the total amounts of polyfunctionai acrylate, photoinitia- 

5 tor. and the UV radiation stabilizer present. 

One of the advantages of the instant invention is that relatively large amounts of UV stabilizer can be 
present in the coating composition without deleteriously affecting the cure of the composition. With 
conventional coating compositions if relatively large amounts of UV absorber, i.e„ above about 5 weight 
percent, are present in the coating compositions the photocuring of these compositions containing these 

to large amounts of active UV absorbers is seriously impared. 

It is to be understood that only one UV absorber can be present or mixtures of two or more different UV 
absorbers of the instant invention may be utilized. 

In the practice of the instant invention the photocurable coating compositions are first prepared by 
mixing together .the polyfunctionai. acrylate monomer or monomers, the photoinitiator, and the active 

15 ultraviolet radiation absorber. Additionally, if so desired to reduce the viscosity of the coating formulation an 
organic solvent such as alcohol may optionally be incorporated into the coating formulation. This solvent 
should preferably one which is non-aggresive towards the aromatic carbonate resin and which evaporates 
readily. The various components are thoroughly mixed together so as to form a generally homogeneous 
coating composition. A thin, uniform layer of this coating composition is then applied onto at least one 

20 surface of the substrate by any of the known means such as spraying, dipping, painting, or roll coating. The 
coating composition is then cured, preferably in an inert atmosphere such as nitrogen, by exposure to 
ultraviolet radiation which can have a wavelength of from 1849 A. to 4000 A. The lamp system used to 
generate such radiation can consist of ultraviolet lamps of the discharge type, for example xenon, metallic 
halide, metallic arc such as high or low pressure mercury vapor discharge lamps, etc., having operating 

25 pressures from as low as a few millitorr up to about 10 atmospheres. 

The coating should be thick enough to at least provide protection against surface scratching or 
abrasion, attack by chemical solvents, and the deleterious affects of ultraviolet radiation. Generally, this 
minimum thickness Is at least about 0.05 mil. The maximum thickness of the coating is not critical but Is 
controlled by secondary considerations such as appearance, cost, rate of cure of the coating composition, 

so and the like. Generally, a thickness of less than about 3 mils is preferred. 

The photocured coating compositions of the instant invention are thus comprised of the (i) cured 
reaction products of at least one polyfunctionai acrylate monomer, and (H) at least one active UV absorber 
selected from benzotriazoles, cyanoacrylates, and hydroxybenzophenonea. The cured coating will, of 
course, also contain the acetophenone photoinitiator which was present in the coating composition 

35 The coating compositions of the instant invention, as well as the cured coatings, may also optionally 
contain any of the well known and commonly used additives such as, for example, fillers; surface active 
agents; antioxidants; and the like. A particularly useful surface active agent or surfactant is a silicone 
surfactant The silicone surfactants are well known in the art and are generally commercially available. They 
may include the silcione fluids such as the polysiloxane fluids, particularly the diorganopolysiloxane fluids. 

40 However, the preferred silicone surfactants few use in the present invention are the polysiloxane-polyether 
block copolymer surfactants. The preferred polysiloxane-polyether block compolymers are presented by the 
general formula 



wherein: 

R 10 is independently a monovalent hydrocarbon radical: 
R ,z is a monovalent hydrocarbon radical: 
55 R 11 is a lower alky I radical; 

x has a value of at least two. for example from 2 to about 40 or more; 

y has a value of 2 or 3; 

z has a value of from 2 to 4 inclusive, and 



• 
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m has a value of at least 5. for examples frorr .5 i fc , 1 0Ch radicalg 

^C^oTlTSese polysiioxane^olyether blocx compolymera is described in U.S. Patent Nos. 
3.182.076 and 3.629.1 56. Incorporated herein by reference. 

These surfactants may be present in the coating composition in amounts of from about 0.05 to about 3 
weight percent based on the wieght of the polyfunctlonal acrylate monomer. 

PREFERRED EMBODIMENT OF THE INVENTION 

SSSf J5d -IS- •»*• * •» —»*• - " d pwco " B96S |,8,cen,a8es "» 

weight unless otherwise specified. 

The following examples illustrate the present invention. 

s 

EXAMPLE 1 

The coating composition is prepared by mixing together 50 parts by weight of trimethyiol- 
o ProP ?rL^lI. Smarts by weigM of ^ydmxy^cty.pben^nzotriazote, 5 parts by we,ght of 2- 

r.,rpr£-x P ^ 

* ^^^^ 

S^KSSSi -posed to «. ac^ed^atheringjor ^-^^ 
40 period the adhesion of the coating to the polycarbonate substrate .s st.ll excellent and me increase 
Yellowness Index (as measured In accordance with ASTM D1925) was 35 unrts. 

EXAMPLE 2 

45 Th« nmradure of Examole 1 is substantially repeated except that the 5 parts by weight of the 2- 
hydr^-2^X^Senone photoinitiator are replaced with 5 parts by weight of i-h^oxy^iobex- 
5S wSnT?!. cured coating is hard, tack-free, and abrasion and solvent resistant. After W0h»s 
J32S [ weathering the adhesion of the coating to the polycarbonate substrate .s still good and the 

50 increase in Yellowness Index was 3.5 units. 

Claims 

55 1 An ultraviolet radiation curable coating composition for plastic substrates comprised of: 
benzophenones, or mixtures thereof; and 
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i at least ore phenyl ketone photoinitiator represented by the formula 

(R 5 ), 



R 



w wherein 

R5 is indepentently selected from halogen, hydroxy, monovalent hydrocarbon radicals, substituted mon- 
ovalent hydrocarbon radicals, monovalent hydrocarbonoxy radicals, or substituted monovalent hydrocar- 
bonoxy radicals; 

R* is selected from, monovalent hydrocarbon, radicals, substituted monovalent hydrocarbon radicals, mon- 
y S ovalent hydrocarbon radicals containing at least one ether linkage, or substituted monovalent hydrocarbon 

radicals containing at least one ether linkage, 

and d is an Integer having a value of from 0 to 5 inclusive. 

2. The composition of claim 1 which contains an amount of said photoinitiator effective to initiate the 

cure of said polyfunctional acrylate monomer. 
20 3. The composition of claim 2 which contains from about 0.5 to about 10 weight percent of said 

photoinitiator. 

4. The composition of claim 3 which contains from about 0.1 to about 5 weight percent of said 

photoinitiator. m 

5. The composition of claim 1 which contains an amount of said ultraviolet radiation absorber effective 
25 to protect the substrate from degradation by ultraviolet radiation. 

6. The composition of claim 5 which contains from about 3 to about 15 weight percent of said ultraviolet 
radiation absorber. 

7. The composition of claim 6 which contains from about 4 to about 12 weight percent of said ultraviolet 
radiation absorber. 

30 8. The composition of claim 7 which contains from about 5 to about 10 weight percent of said ultraviolet 
radiation absorber. 

9. The composition of claim 1 wherein said ultraviolet radiation absorber is a benzotriazole. 

10. The composition of claim 1 wherein said polyfunctional acrylate monomer is comprised of at least 
one diacrylate monomer and at least one triacrylate monomer. 

35 11. The composition of claim 1 wherein R 5 is selected from monovalent hydrocarbon radicals, 
substituted monovalent hydrocarbon radicals, monovalent hydrocarbonoxy radicals, or substituted mon- 
ovalent hydrocarbonoxy radicals. 

12. The composition of claim 1 wherein R* is selected from monovalent hydrocarbon or substituted 

monovalent hydrocarbon radicals. 
40 13. The composition of claim 1 which contains a surfactant 

14. The composition of claim 13 wherein said surfactant is a polysiloxane-polyether block copolymer. 

15. The composition of claim 1 wherein said plastic substrate is an aromatic carbonate polymer. 

18. The composition of claim 1 wherein said aromatic carbonate polymer is selected from aromatic 
polycarbonates, aromatic copolyester-carbonates, or mixtures thereof. 
45 17. A plastic substrate having disposed on at least one surface thereof a photocured acrylic coating 
comprised of the photoreaction products of: 
0) at least one photocurable polyfunctional acrylate monomer; 
(ii) at least one phenyl ketone photoinitiator represented by the formula 
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55 



wherein 

R5 i S independently selected from halogen, hydroxy, monovalent hydrocarbon radicals, monovalent 
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hydrocarbonoxy radicals, substituted monovalent hydrocrbon radicals, or substituted monovalent hydrocar- 
bonoxv radicals, 

r* is selected from monovalent hydrocarbon radicals, substituted monovalent hydrocarbon .radicals mon- 
ovalent hydrocarbon radicals containing at least one ether linkage, or substituted monovalent hydrocarbon 
radicals containing at least one ether linkage, and 
d Is an integer having a value of from 0 to 5 inclusive: 

said photocured acrylic coating containing at least one active ultraviolet radiahon absorber. 

18. The substrate of claim 17 wherein said coating contains an amount of ultraviolet radiation absorber 
effective to protect said substrate from degradation by ultraviolet radiation. 

19. The substrate of claim 18 wherein said coating contains from about 3 to about 15 weight percent of 
said ultraviolet radiation absorber. . . 

20. The substrate of claim 19 wherein said coating contains from about 4 to about 12 weight percent of 
said ultraviolet radiation absorber. 

21. The substrate of claim 17 wherein said ultraviolet radiation absorber is selected from benzotnazoles, 
is benzophenones. cyanoacrylates. or mixtures thereof. 

22 The substrate of claim 17 wherein said coating contains a surfactant 
23. The substrate of daim 22 wherein said surfactant in a polysiloxane-polyether block copolymer. 
24 The substrate of claim 17 wherein said subtrate is an aromatic carbonate resin. 
25. The substrate of claim 24 wherein said aromatic carbonate resin is selected from polycarbonate 
20 resin, copolyester-carbonate resins, or mixtures thereof. 
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